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PREFACE

This study was conducted as a part of the U.S. Army Corps of Engi-
neers Civil Works Research and Investigations Project under Work Unit
CWIS 31297, "Optimization of Management Techniques for Wastewater Reno-
vation."

This report was prepared by Thomas F. Jenkins, Jr., Research Chemist,
Earth Sciences Branch; Antonio J. Palazzo, Research Agronomist, ESB;

Patriaia W. Schumacher.FhysiaSl6Thnce Technician, ESB; Donald B. Keller,
Civil Engineering Technician, Geotechnical Research Braich; John M. Graham,

Biological Technician, ESB; Steven T. Quarry, Physical Science Technician,
ESB; Helen E. Hare, Physical Science Aide, ESB; John J. Bayer, Jr., Civil

Engineering Technician, Civil Engineering Research Branch; and Ellen S.

Foley, Physical Science Aide, ESB.

The results presented in this data report represent a very large

effort by not only the authors but a large number of other individuals

at CRREL. The authors would like to acknowledge Sherwood Reed, Dr.
Paul Murrmann, Warren Rickard and Timothy Buzzell for initial design of

the CRREL Land Treatment Facility, including the outdoor prototypes

known as the test cells; Dr. Harlan McKim for his technical and adminis-

trative support in the role of Program Manager; Daniel Leggett for

method development in the water chemistry laboratory; Roy Bates for

maintaining climatic surveillance; Dr. I.K. Iskandar and Major John

Bouzoun for useful technical discussions; Robert Sletten and C. James

Martel for supervision of the pretreatment facility; Pat Ricard for

outstanding technical support as chief technician in the water quality

laboratory for the first three years of the effort; a large number of

part-time students to include Lee Henrickson, Lee Jones, Janice Lee,

Steve Zebrowski, Katy Weeks, Karen Roy, Martin Leamon and Dennis Albach

who performed in an outstanding manner as analysts in the water quality

laboratory; and Lydia Bos, Holt Audrey and Wayne Hannel for careful data

handling in the storage/retrieval system.
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Construction of the CRREL slow infiltration test cells was completed
in early 1973. Details of their construction have been reported by
Iskandar et al. (1976). As of 31 May 1978, the test cells had been in
operation for five years. Over this period, primary and secondary
wastewater were applied to test cells 2-5 at various loading rates (Table 1).
Test cells 1 and 6 received 5 cm/wk (2 in./wk) of secondary wastewater
over the entire five-year period. The first year of the project may be
considered a przliminary experiment to test procedures and analytical
methods. A detailed research report examining the second application
year has been published (Iskandar et al. 1976). Data reports documenting
the performance of the system in the third and fourth years (Ricard et
al. 1976, Schumacher et al. 1977) are also available. A comprehensive
report presenting water quality and vegetative yield and nutrient uptake
has not been published. This report is an attempt to present the pertinent
information to enable assessment of system performance over this five-
year period.

A unique feature of the CRREL test cells is the ability to monitor
the water volumes applied to and percolating through the soil (from June
1974-May 1978)*. This, combined with large numbers of analyses on
samples composited over relatively short periods, allows accurate mass
balances to be calculated for nutrients such as nitrogen and phosphorus.
Other studies that attempt this calculation are faced with making assump-
tions for volumes of water to attribute to sample analyses.

Due to variability in both the weather and in the specific study
being conducted, the period of the year in which wastewater was applied
varied considerably (Table 2). Therefore, the amount of water applied
yearly to the cells also varied (Table 3).

The results of water quality analyses for samples obtained over
each 1-year period are presented in Tables ha-,f. The concentrations
given in these tables are volume-weighted averiges** with the number of
analyses for each parameter given in parentheset. Is values+given for
percolate analysis for pH, conductivity, K , Na , Ca and Mg were
collected at 46 cm (18 in.) with suction lysimeters. Results from
percolate analysis were not useful for these parameters due to inter-
action with the concrete bottoms in the test cells. Results given for
pH on both applicant and percolate are median values rather than means
due to the fact that pH is given in log units. The methods used for
these analyses have been presented elsewhere (Iskandar et al. 1976).

* Percolate volume from June 1973-May 1974 was not measured.

**Concentration values for individual samples are weighted relative to

the volume the sample represents.
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Table 5 presents the mass of nitrogen and phosphorus applied yearly

to the test cells. These values vary due to differing volumes of waste-

water applied in a given year (Table 3).

During the growing season, the grass on the test cells was harvested

two or three times per year. The types of grass species seeded orig-

inally and present on the cells has been the subject of another report

(Palazzo 1976). The yields of plant material obtained for each harvest

as well as the nutrient uptake (obtained from dry weight of material and

plant analysis) of nitrogen, phosphorus and potassium are given in Tables
6a-f. These results are based on application of the wastewater on a 25-
ft spray circle and do not include the corners of the cells.

Tables 7a-f present balance sheets for the five individual years

of test cell operation as well as a five-year total. This includes

nutrients applied in the wastewater, nutrients removed in the percolate,

and nutrients taken up by the crop*. The difference was obtained and is

labeled. The phosphorus not accounted for is thought to have been in-

corporated in the soil by sorption and precipitation. The nitrogen

not accounted for may have been incorporated in the soil as net immobil-

ization or lost from the cells as gaseous products by denitrification or

ammonia volatilization.

Over the course of this five-year period, soil amendments have been

applied to correct soil pH and nutrient deficiencies (Palazzo and Jenkins,

in prep.). Table 8 presents the amounts of the various amendments

applied during the study period.

Information on the changes in soil chemistry over this five-year

period, including accumulation of phosphorus and trace elements, is the

subject of another report (Iskandar et al., in press). Meteorological

data collected over this period are also summarized in this document.

;I

*The percolate water volume for the year 1973-74 was assumed to be equal

to the amount of wastewater applied.
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Table 1. Wastewater Loading Rate for CREEL Test Cells

Test Cell

Application Windsor Soil Charlton Soil
Period 1 2 3 4 5 6

2-*t 4-S 2-P 2-P 4-s 2-S
1973-1974 (d) (2d) (2d) (2d) (2d) (1d)

2-S 6-S 3-P 3-P 3-P 2-S
1974-1975 (id) (3d) (3d) (3d) (24h)** (ld)

2-S 6-S 3-P 3-P 3-P 2-5
1975-1976 (ld) (3d) (3d) (3d) (24h)** (ld)

2-S 1-4.8 P 1-4.1P 1-4.4P 1-4.3P 2-S
1976-1977 (id) (1-4d) (1-4d) (1-4d) (1-4d) (id)

2-S 3-P 3-P 3-P 3-P 2-s
1977-1978 (id) (1 1/2d) (1 1/2d) (1 1/2d) (1 1/2d) (id)

*2-S 2 inches of secondary effluent per week

td is the number of daily (8-hour) applications per week

*24-hour application over one 24-hour period

+ weekly applications varied between 1 and 4.8 inches per week
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Table 2. Periods of Test Cell Wastewater Application

Year Test Cell Application Season

1973-1974 1 13 June '73 - 26 Nov '73, 22 Apr '74 - 31 May '74
2 9 June '73 - 26 Nov '73, 17 Apr '74 - 31 May '74
3 13 June '73 -12 Dec '73, 22 Apr '74- 31 May '74
4 13 June '73 -12 Dec '73, 22 Apr '74 -31 May '74
5 11 June '73 - 26 Nov '73, 17 Apr '74 - 31 May '74
6 13 June '73 -26 Nov '73, 22 Apr '74 -31 May '74

1974-1975 1 2 June '74 - 31 May '75,
2 2 June '74 - 31 May '75,
3 2 June '74 - 31 May '75,
4 2 June '74 - 31 May '75,
5 2 June '74 - 31 May '75,
6 2 June '74 - 31 May '75,

1975-1976 1 16 June '75 - 25 Jan '76, 26 Apr '76 -31 May '76
2 16 June '75 - 4 Jan '76, 17 May '76 - 31 May '76
3 16 June '75 - 30 Nov '75
4 16 June '75 - 30 Nov '75
5 16 June '75 - 30 Nov '75
6 16 June '75 - 31 May '76

1976-1977 1 1 June '76 - 3 Dec '76, 21 Apr '77 -31 May '772 8 July '76 - 3 Dec '76, 21 Apr '77 - 31 May '773 8 July '76 - 3 Dec '76, 21 Apr '77 - 31 May '77
4 8 July '76 - 3 Dec '76, 21 Apr '77 - 31 May '77
5 8 July '76 - 3 Dec '76, 7 Mar '77 -31 May '77
6 8 June '76 - 3 Dec '76, 21 Apr '77 - 31 May '77

1977-1978 1 14 June '77 - 6 Sep '77, 20 Apr '78 - 24 May '78
2 14 June '77 - 6 Sep '77, 16 may '78 - 23 May '78
3 14 June '77 - 6 Sep '77, 16 May '78 - 22 May '78
4 15 June '77 - 7 Sep '77, 16 May '78 - 22 May '78
5 15 June '77 - 7 Sep '77, 16 May '78 - 23 May '78

6 14 June '77 - 6 Sep '77, 10 Apr '78 - 24 May '78

'4
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Table 3a. Test Cell 1 Water Balance (liters) 1973-1978

Total
ADD Rainfall* AP Perc Difference

1973-14 48,618 67,153 115,771 --

1974-75 107,691 53,092 160,783 106,824 53,959

1975-76 66,529 83,804 150,333 97,744 52,589

1976-77 67,045 71,593 138,638 89,022 49,616

1977-78 48,285 62,528 110,813 81,453 29,360

Table 3b. Test Cell 2 Water Balance (liters) 1973-1978

Total
App Rainfall* APP Perc Difference

1973-74 120,386 67,153 187,539 --

1974-75 325,555 53,092 378,647 322,675 55,972

1975-76 156,oo 83,804 240,204 284,579 55,625

1976-77 62,953 71,593 134,546 100,333 34,213

1977-78 29,778 62,528 92,306 40,477 51,829

Table 3c. Test Cell 3 Water Balance (liters) 1973-1978

Total
App Rainfall* AmD Perc Difference

1973-74 50,935 67,153 118,088 - -

1974-75 161,994 53,092 215,086 187,528 27,558

1975-76 66,347 83,804 150,151 102,168 47,983

1976-77 61,685 71,593 133,278 95,219 38,059

1977-78 29,470 62,528 91,998 41,042 50,956

*These values supplied by Mr. Roy Bates
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Table 3d. Test Cell 24 Water Balance (liters) 1973-1978

Total
AP Rainifal* App Pere Difference

1973-74 50,935 67,153 118,088 - -

19724-75 156,324 53,092 209,2416 179,106 30,310

1975-76 63,974 83,804 1247,778 119,296 28,2482

1976-77. 62,2473 71,593 1324,066 91,3247 42,719

1977-78 33,308 62,528 95,836 45,172 50,664

Table 3e. Test Cell 5 Water Balance (liters) 1973-1978

Total
APP Rainfall* App Perc Difference

1973-74 101,867 67,153 169,020 - -

19724-75 1249,288 53,092 202,380 163,028 39,352

1975-76 68,596 83,80o4 152,2400 116,866 35,534

1976-77 76,069 71,593 1247,662 96,291 51,371

1977-78 31,378 62,528 93,906 39,288 524,618

Table 3f. Test Cell 6 Water Balance (liters) 1973-1978

Total
App Rainfall* App Perc Difference

1973-74 48,618 67,153 115,771 --

19724-75 106,021 53,092 159,113 128,073 31,0240

1975-76 87,668 83,80o4 171,2472 129,303 42,169

1976-77 68,230 71,593 139,823 88,076 51,7247

1977-78 45,662 62,528 108,190 70,011 38,179

*These values supplied by Mr. Roy Bates.
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Table 5. Amounts of Nitrogen and Phosphorus Applied to Test Cells

(kg/ha)

Year Test Cell Total Nitrogen Total Phosphorus

1973-1974 1 353 142
2 928 377
3 393 152
4 393 153
5 602 243
6 334 142

1974-1975 1 673 163
2 2055 499
3 1072 255
4 1003 257
5 956 235
6 628 168

1975-1976 1 324 91
2 784 207
3 361 88
4 343 84
5 358 96
6 411 112

1976-1977 1 399 89
2 430 89
3 429 87
4 436 87
5 533 106
6 398 90

1977-1978 1 348 66
2 232 45
3 233 45
4 251 48
5 231 44
6 328 62

13



Table 6a. Test Cell Harvest Data for Cell 1

Yield N uptake P uptake K uptake

Year Date mt/ha* kg/ha kg/ha kg/ha

73-74 July 1973 1.62 44.4 4.7 37.3

mid-Sept 1973 1.53 57.8 6.0 45.9

3 June 1974 3.22 120.8 12.6 96.9

TOTAL 6.37 223.0 23.3 180.1

74-75 20 July 1974 3.03 89.7 9.4 77.3

18 Sept 1974 3.38 98.0 11.8 83.2

10 June 1975 5.86 159.4 8.8 127.8

TOTAL 12.27 347.1 30.0 288.3

75-76 23 July 1975 3.8 88.1 11.1 76.2

23 Sept 1975 1.6 58.5 6.0 33.6

8 June 1976 4.2 96.6 10.9 74.3

TOTAL 9.6 243.2 28.0 184.1

76-77 4 Aug 1976 3.1 86.8 8.7 57.7

*1 15 Sept 1976 0.9 30.6 3.9 22.4

1 June 1977 4.1 99.9 16.8 154.5

TOTAL 8.1 217.3 29.4 234.6

77-78 18 July 1977 4.9 177.9 20.9 166.7

31 Oct 1977 2.5 71.8 9.8 74.5

13 June 1978 4.2 109.1 16.5 167.5

TOTAL 11.6 358.8 47.2 408.7

* Metric tons per hectare

14
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Table 6b. Test Cell Harvest Data for Cell 2

Yield N uptake P uptake K uptake
Year Date mt/ha kg/ha kg/ha kg/ha

73-74 July 1973 1.8 50.0 4.8 40.5
mid-Sept 1973 2.3 109. 9.5 84.0
3 June 1974 3.9 149.0 15.6 120.9

TOTAL 8.0 308.0 29.9 245.4

74-75 20 July 1974 4.0 127.8 10.9 104.8
18 Sept 1974 5.1 173.0 17.7 124.5
10 June 1975 6.8 244.5 12.3 172.1

TOTAL 15.9 545.3 40.9 401.4

75-76 23 July 1975 4.6 157.8 17.2 115.5
23 Sept 1975 2.9 69.8 8.7 52.3

TOTAL 7.5 227.6 25.9 167.8

76-77 15 Sept 1976 2.5 87.5 11.8 85.5
1 June 1977 3.9 88.9 16.8 186.0
TOTAL 6.4 176.4 38.6 271.5

77-78 18 July 1977 4.6 113.3 18.7 143.5
31 Oct 1977 3.6 93.2 15.3 108.5

TOTAL 8.2 206.5 34.0 252.0
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Table 6c. Test Cell Harvest Data for Cell 3

Yield N uptake P uptake K uptake

Year Date mt/ha kg/ha kg/ha kg/ha

73-74 July 1973 1.3 31.2 3.6 29.2

mid Sept 1973 2.3 44.3 5.0 41.4

3 June 1974 2.8 105.2 10.3 81.2

TOTAL 6.4 180.5 18.9 151.8

74-75 20 July 1974 3.2 120.7 9.8 70.5

18 Sept 1974 4.5 135.0 12.7 92.4

10 June 1975 4.9 163.9 8.9 124.3

TOTAL 12.6 419.6 31.4 287.2

75-76 23 July 1975 3.8 109.0 12.0 81.2

23 Sept 1975 2.0 53.0 7.5 40.6

TOTAL 5.8 162.0 19.5 121.8

76-77 15 Sept 1976 3.0 99.0 6.9 62.7

1 June 1977 4.4 113.9 16.5 212.3

TOTAL 7.4 212.9 23.4 275.0

77-78 18 July 1977 5.2 139.4 22.0 199.6

31 Oct 1977 3.6 68.7 14.0 122.1

TOTAL 8.8 208.1 36.0 321.7

1
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Table 6d. Test Cell Harvest Data for Cell 4

Yield N uptake P uptake K uptake

Year Date mt/ha kg/ha kg/ha kg/ha

73-74 July 1973 2.2 57.6 6.4 52.8

mid-Sept 1973 2.3 89.7 8.1 69.0
3 June 1974 2.9 106.5 10.3 81.5

TOTAL 7.4 253.8 24.8 203.3

74-75 20 July 1974 2.9 92.6 7.4 70.2

18 Sept 1974 5.8 162.4 17.5 139.1
10 June 1975 4.9 164.3 8.9 140.6

TOTAL 13.6 419.3 33.8 349.9

75-76 23 July 1975 3.8 109.0 13.2 92.5

23 Sept 1975 2.0 67.3 7.1 36.1

TOTAL 5.8 176.3 20.3 128.6

76-77 15 Sept 1976 2.0 66.0 10.2 59.8
1 June 1977 3.8 87.8 14.2 179.2

TOTAL 5.8 153.8 24.4 240.0

77-78 18 July 1977 4.6 84.5 20.1 181.4

31 Oct 1977 4.4 106.2 15.4 153.8

TOTAL 9.0 190.7 35.5 335.2

II
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Table 6e. Test Cell Harvest Data for Cell 5

Yield N uptake P uptake K uptake

Year Date mt/ha kg/ha kg/ha kg/ha

73-74 July 1973 3.0 82.2 8.4 75.0

mid-Sept 1973 1.8 75.7 6.3 65.2

3 June 1974 2.9 112.5 11.3 89.3

TOTAL 7.7 270.4 26.0 229.5

74-75 20 July 1974 4.2 98.8 8.3 78.8

18 Sept 1974 5.6 166.2 16.1 134.0

10 June 1975 5.3 126.6 8.5 92.6

TOTAL 15.1 391.6 32.9 305.4

75-76 23 July 1975 4.2 144.2 14.0 97.5

23 Sept 1975 2.5 68.6 8.6 54.9

TOTAL 6.7 212.8 22.6 152.4

76-77 15 Sept 1976 2.1 63.0 8.8 71.6

1 June 1977 5.9 120.4 19.6 237.8

TOTAL 8.0 183.4 28.4 309.4

77-78 18 July 1977 5.0 159.7 18.0 119.8

31 Oct 1977 4.4 105.1 16.6 149.3

TOTAL 9.4 264.8 34.6 269.1
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Table 6f. Test Cell Harvest Data for Cell 6

Yield N uptake P uptake K uptake

Year Date mt/ha kg/ha kg/ha kg/ha

73-74 July 1973 2.5 67.0 6.6 55.4
mid-Sept 1973 2.3 78.5 6.3 59.0
3 June 1974 3.4 121.0 13.1 103.8

TOTAL 8.2 266.5 26.0 218.2

74-75 20 July 1974 2.9 79.1 6.2 58.4
18 Sept 1974 4.2 130.8 9.7 78.9
10 June 1975 3.5 133.4 6.3 100.4

TOTAL 10.6 343.3 22.2 237.7

75-76 23 July 1975 3.6 97.2 7.9 66.2
23 Sept 1975 2.1 68.2 6.2 41.7
8 June 1976 4.7 108.1 13.6 96.8

TOTAL 10.4 273.5 27.7 204.7

76-77 4 Aug 1976 5.7 108.3 12.5 82.9
15 Sept 1976 0.7 23.1 2.5 13.9
1 June 1977 5.2 131.8 23.4 230.4

TOTAL 11.6 263.2 38.4 327.2

77-78 18 July 1977 4.8 76.2 16.9 136.4
31 Oct 1977 4.1 100.7 13.5 122.4
13 June 1978 4.4 126.0 18.4 175.0

TOTAL 13.3 302.9 48.8 433.8
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Table 7a. Nutrient Balance Sheet Test Cell #1

Nitrogen (kg/ha) Phosphorus (kg/ha)
Period App Plant Perc. Unacc. App Plant Perc. Unacc.

Uptake for Uptake for

1973-74 353 223 77 53 142 23.3 <2.1 116.4
63.2% 23.0% 15.0% 16.4% <1.5% 82.0%

1974-75 673 347 194 131 163 30.0 <4.7 128.3

51.6% 28.8% 19.5% 18.4% <2.8% 78.7%

1975-76 324 243 94 -13 91 28.0 1.4 61.6
75.0% 29.1% -4% 30.8% 1.5% 70.6%

1976-77 399 217 78 104 89 29.4 1.0 58.6
54.5% 19.5% 26% 33.0% 1.1% 65.8%

1977-78 348 359 130 -141 66 47.2 0.4 18.4
103% 37.4% -40.5% 71.5% 0.6% 27.9%

Total 2097 1389 573 135 551 158 <9.6 383
66.2% 27.3% 6.4% 28.7% <1.7% 69.6%

Table 7b. Nutrient Balance Sheet Test Cell #2

Nitrogen (kg/ha) Phosphorus (kg/ha)
Period App Plant Perc. Unacc. App Plant Perc. Unacc.

Uptake for Uptake for

1973-74 928 308 287 333 377 26.9 <5.3 342
33.2% 31.0% 35.9% 7.9% <1.4% 90.7%

1974-75 2055 545 1217 283 499 40.9 <14.1 444
26.5% 59.1% 14.3% 8.2% < 2.8% 89.0%

1975-76 784 228 627 -70.7 207 25.9 3.6 178
29.1% 79.9% -9.0% 12.5% 1.7% 85.7%

1976-77 430 176 275 -21 89* 38.6 0.9 49.5
40.9% 63.9% -4.9% 43.4% 1.0% 55.6%

1977-78 232 207 172 -147 45 34.0 1.0 10.0
89.2% 74.3% -63.4% 75.6% 2.2% 22.2%

Total 4429 1464 2578 387 1217 169 <24.9 1023
33.1% 58.2% 8.7% 13.9% < 2.0% 84.1%

*An additional 41 kg/ha over and above the wastewater phosphorus was added
during 1976-77 as solid fertilizer (see Table 8).
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Table 7c. Nutrient Balance Sheet Test Cell #3

Nitrogen (_kr/ha) Phosphorus (kg/ha)
Period App Plant Pere. Unacc. App Plant Pert'. Inacc.

Uptake for Ufor..

1973-74 393 181 102 110 152 18.9 -2.2 130.9
46.0% 25.8% 28.0% 12.4% <1.5% 86.17

1974-75 1072 420 351 301 255 31.4 <8.2 215.4
39.2% 32.7% 28.0% 12.3% <3.2% 84.5/

1975-76 361 162 233 -34 88 19.6 1.2 67.2
44.9% 64.5% -9.4% 22.1% 1.4% 76.37

1976-77 429 213 242 -26 87* 23.4 0.8 62.8
49.7% 56.4% -6.1% 26.9% 0.9% 72.21

1977-78 233 208 175 -150 45 36.0 1.1 7.9
89.3% 75.1% -64.3% 80.0% 2.5% 17.6%

Total 2488 1184 1103 201 627 129 <13.5% 484.2

47.6% 44.3% 8.1% 20.6% < 2.1% 77.2%

*An additional 41 kg/ha over and above the wastewater phosphorus was added

during 1976-77 as solid fertilizer (sec Table 8).

Table 7d. Nutrient Balance Sheet Test Cell #4

Nitrogen (kg/ha) Phosphorus (kg/ha)
Period App Plant Pere. Unacc. App Plant Pere. Unacc.

Uptake for Uptake for

1973-74 393 254 88 51 153 24.8 <2.2 126.0
64.6% 22.4% 13.0% 16.2% 1.4% 82.4%

1974-75 1003 419 449 135 257 33.8 <7.8 215.4

41.8% 44.8% 13.4% 13.2% <3.0% 83.8%

1975-76 343 176 225 -58 84 20.3 2.4 61.3
51.3% 65.6% -16.9% 24.2% 2.9% 77.37

1976-77 436 154 188 94 87* 24.4 0.8 61.8
35.3% 43.1% 21.6% 28.0% 0.9% 71.0%

1977-78 251 191 176 -116 48 35.5 1.1 11.4
76.1% 70.1% -46.2% 74.0% 2.3% 23.8

Total 2426 1194 1126 106 629 139 <14.3 475.7
49.27 46.4% 4.4% 22.1% < 2.37 75.6,,

*An additional 81 kg/ha over and above the wastewater phosphorus was added

during 1976-77 as solid fertilizcr (se Table 8).
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Table 7e. Nutrient Balance Sheet Test C. #5

Nitrogen (kg/ha) Phosphorus (kg/ha)
Period App Plant Perc. Unacc. App Plant Perc. Unacc.

Uptake for Uptake for

1973-74 602 270 207 125 243 26.0 <4.5 212.5
44.8% 34.4% 20.8% 10.7% 1.9% 87.4%

1974-75 956 392 441 123 235 33.0 <7.1 194.8
41.0% 46.1% 12.9% 14.0% <3.0% 82.9%

1975-76 358 213 159 -14 96 22.6 1.6 71.8
59.4% 44.4% -3.9% 23.5% 1.7% 74.8%

1976-77 533 183 198 152 106* 28.4 1.1 76.5
34.4% 37.1% 28.5% 26.8% 1.0% 72.1%

1977-78 231 265 188 -222 44 34.6 1.1 8.3
114.7% 81.3% -96.1% 78.6% 2.6% 18.9%

Total 2680 1323 1193 164 724 145 15.4 564
49.4% 44.5% 6.1% 20.0% <2.1 77.9%

*An additional 81 kg/ha over and above the wastewater phosphorus was added

during 1976-77 assolid fertilizer (see Table 8).

Table 7f. Nutrient Balance Sheet Test Cell #6

Nitrogen (kg/ha) Phosphorus (kg/ha)
Period App Plant Perc. Unacc. App Plant Perc. Unacc.

Uptake for Uptake for

1973-74 334 267 62 5 142 26.0 <2.1 113.9
79.9% 18,.5% 1.5% 18.3% 1.5% 80.2%

1974-75 628 343 254 31 168 22.2 <5.6 140.2
54.6% 40.4% 4.9% 13.2% <3.3% 83.5%

1975-76 411 273 164 -26 112 27.7 1.4 82.9

66.5% 40.0% -6.3% 24.7% 1.2% 74.0%

1976-77 398 263 104 31 90 38.4 0.8 50.9
66.1% 26.2% 7.8% 42.7% 0.9% 56.4%.

1977-78 328 303 98 -73 62 48.8 0.3 12.9
92.4% 29.9% -22.3% 78.7% 0.5% 20.8%

Total 2099 1449 682 -32 574 163 <7.3 404
69.0% 32.5% -1.5% 28.4% <1.3% 70.3%
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Table 8. :,oil Amendments Applied to Test Cells (28' x 28').

(May 1973 through May 1978).

Lime: Lime applied as dolomitic limestone (CaMgCO3).

Date of Cell Cell Cell Cell Cell Cell
Treatment 1 2 3 4 5 6

kg/ha

1973 - - - g/ha
1974 - - - -

October 1975 504 1,497 1,329 1,497 1,497 1,665

28-29 May 1976 - 4,492 3,988 4,492 4,92 -

(during reseeding)

2 May 1977 2,200 2,200 2,200 2,200 2,200 2,200

1978 - - - - - -

TOTAL 2,704 8,189 7,517 8,189 8,189 3,865

Potassium: K applied as potassium chloride fertilizer (KC1).

Date of Cell Cell Cell Cell Cell Cell

Treatment 1 2 3 4 5 6

kg/ha

'8-1 May 1Q76 - 300 300 300 300 -

2 May 1977 300 300 300 300 300 300

4 May 1978 137 137

TOTAL 437 6oo 6oo 600 600 437

Phosphorus: P additions as superphosphate fertilizer (0-20-0).

Date of Cell Cell Cell Cell Cell Cell
Treatment 1 2 3 4 5 6

kg/ha
9 August 1976 - 41 41 81 81 -
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